ABSTRACT Soybean ( Glycine max IL.I Merrill, cv. Dare) suspension cultures grown in Gamborg B5 medium became discolored and the cells began aggregating after I week in culture, especially in the absence of 2,4-dichlorophenoxyacetic acid (2,4-D). The addition of either soluble polyvinylpyrrolidine (PVP) or bovine serum albumin (BSA) to cultures grown in Gamborg B5 medium with 2,4-D prevents discoloration and cell aggregation by adsorbing excess polyphenols from the cells. Transfer of the PVP-treated cultures to fresh medium without 2,4-D stimulated the recurrence of excess polyphenols. Cultures pretreated with BSA did not develop excess polyphenols when transferred to fresh 2,4-D-free medium. Addition of either PVP or BSA to cultures grown in the absence of 2,4-D was found to inhibit growth.
Several workers studying Acer pseudoplatanus L. tissue cultures have observed brown discoloration and cell aggregation of these cultures upon reduction of their 2,4-D concentration (3, 4, 10, 11) .
Concomitant with these visual observations they have found increased levels of phenolic compounds. King (4) and Withers (1 1) have found that vascularization is stimulated when the concentration of 2,4-D is reduced. Their findings complement the earlier report by Fosket and Torrey (1) which established increased tracheary element formation in soybean callus cultures with low levels of 2,4-D. King (4) (6) . The cells were extracted four times with 90% (v/v) ethanol. Each time the cells were homogenized with a ground glass homogenizer and the homogenates were incubated at 70 C for 5 min. The homogenates were centrifuged in a clinical centrifuge for 10 min and the supernatants were pooled to give a 15-ml final volume. Polyphenols were analyzed from Vio dilutions of the cell extracts or growth media by the UV difference spectra method of Stafford (7).
RESULTS AND DISCUSSION
Significant differences in coloration between control and PVPtreated soybean suspension cultures were apparent after 1 week by visual inspection. Control cultures grown in 2B5 medium, as well as cultures grown with the addition of 1% PVP, became dark brown in color. The cells from cultures grown in 2B5 medium plus 2% PVP, however, remained white in color throughout 1 week of growth. Color differences in the spent media were also observable. The media from the control cultures and the 2% PVP treatment were both only slightly discolored, while the medium from the 1% PVP treatment was brown.
These visible differences were further characterized by the UV difference spectra method for phenolics as described by Stafford (7). The advantage of this assay method for phenolic compounds is that it gives an indication of the extent of polymerized phenolics at the higher UV wavelength range. Other colorimetric assay methods for measurement of phenolics are usually based on the presence of functional groups, thus not distinguishing levels of polymerization (8) . Samples from both the media and ethanol cell extracts were diluted to /io and scanned spectrophotometrically at 10 nm intervals between the 230 and 400 nm wavelength range. Scans made at pH 7.0 were subtracted from scans made at pH 12.3 to yield the difference spectra presented in Figure 1 . These results conformed to the above visual observations. Control cells 206 contained more total phenolics (simple, complex, and polyphenols) than did either of the PVP-treated cultures (Fig. IA) . The 1% PVP-treated cells had a much reduced amount of total phenolics, while the amount of phenolics was negligible in the 2% PVPtreated cultures. Analysis of the culture media indicated that the soluble PVP effectively adsorbed phenolics from the cells (Fig.  1B) . The 40,000 mol wt PVP was probably excluded from the cells. Phenolics were not detected in the control medium, whereas significant levels of phenolics were found in the I and 2% PVPsupplemented media. (4, 6, 9-1 1) . The control cultures did not show an elevation in phenolics when 2,4-D was withdrawn. In the absence of PVP in the OB5 medium, phenolics did not accumulate in the media (Table I) . Apparently, the PVP may alter the cell membranes in such a manner as to allow the phenolics to escape from the cells and adsorb to PVP. Inasmuch as the phenolics do not escape from the pretreated cells in the absence of PVP, any membrane effect must be reversible. Growth was restricted by 50%1o of the control in 2B5 media with PVP. The growth of these cultures was subsequently enhanced when they were transferred to OB5 media without PVP.
Similar studies were performed substituting BSA for PVP in cultures. Like PVP, BSA adsorbed phenolics from cells grown in 2B5 media. But, unlike PVP, when these cultures were transferred to OB5 medium without BSA, accumulation of phenolics was not stimulated (Table I) . When these cultures were removed from the 2B5 media with BSA and were transferred to OB5 media, growth was again enhanced as in the studies with PVP.
In summary, both PVP and BSA were effective in modifying the accumulation of phenolics in soybean suspension cultures. These treatments might be used instead of small molecule inhibitors for controlling the in vivo synthesis of phenolics. In 
